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ABSTRACT 


The  Aerojet-General  Utility  van  has  successfully  completed  high-  and  low- 
temperature  tests  to  verify  the  acceptability  of  the  van  as  a  transport  vehicle  for 
second -stage  Minuteman  operational  motors.  A  Minuteman  motor  cast  with 
propellant  simulant  was  used  in  the  tests.  While  the  exterior  of  the  van  was 
subjected  to  high  and  low  temperatures,  ranging  from  +140  to  -35 °F,  the  surface 
of  the  motor  was  maintained  within  the  specified  temperature  range  of 
80+20°F. 
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I.  INTRODUCTION 


To  verify  the  acceptability  of  the  Aerojet  Utility  van,  manufactured  by  the 
Utility  Trailer  Manufacturing  Co.,  as  a  transport  vehicle  for  Minuteman  second- 
stage  operational  motors,  the  van  was  subjected  to  high-  and  low -temperature 
tests  at  Eglin  Air  Force  Base,  Florida.  An  inert  second-stage  motor  was 
housed  in  the  van.  These  tests  were  made  in  conjunction  with  structural  verifi¬ 
cation  tests  of  the  van  following  completion  of  the  Aerojet  Utility  Van  Certification 
Program. 

II.  TECHNICAL  DISCUSSION 

A.  TEST  UNITS 

1 .  Test  F acility 

The  climatic  testing  was  done  in  the  Engine  Test  Cell,  Climatic 
Laboratory,  Air  Proving  Ground  Center,  Eglin  AFB,  Florida,  The  Aerojet  Utility 
van  installed  in  the  cell  is  shown  in  Figure  1. 

2.  Aerojet  Utility  Van 


The  Aerojet  Utility  van  is  a  trailer  designed  to  house  a  Minute- 
man  second-stage  operational  motor  while  in  transit  by  ground  or  air  transport. 

The  test  van,  model  VR-1152A,  SN  37290  (AF  348873),  had  been  modified  in 
accordance  with  Aerojet  drawing  T-492674. 

3.  Heating  and  Cooling  Unit 

The  interior  temperature  of  the  van  was  regulated  by  a  Thermo- 
King  temperature -control  unit,  Model  K30A.  The  unit,  installed  on  the  exterior  for¬ 
ward  wall  of  the  van  (Figure  2),  provided  heat  from  three  heater  strips  powered  by 
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II,  A,  Test  Units  (cont.  ) 

220  vac.  Cooling  was  provided  by  the  refrigeration  section  of  the  unit.  In 
accordance  with  standard  summer  practice,  the  louvered  top  cover  and  shutters 
of  the  unit  had  been  removed. 

4.  Test  Motor 

The  test  motor  was  Minuteman  second-stage  motor  44TE-1, 

(SN  519592).  The  motor  had  been  cast  with  propellant  simulant. 

B.  INSTRUMENTATION 

The  motor  and  interior  of  the  van  was  instrumented  with  26  iron- 
constantan  thermocouples  (Figure  3)  to  determine  motor -surface  and  van-interior 
temperature  gradients.  All  temperature  data  were  continously  recorded  on  two 
Minneapolis -Honeywell  Brown  print-out  recorders,  Model  No.  R  Y  1 53X82 -C -II -III 
(13),  serial  numbers  322005  and  314315  (shown  in  Figure  4  with  standard  reference 
junction).  Calibration  input  voltage  for  each  10°F  from  -50  to  +200°F  was  applied 
to  each  channel  by  a  Leeds -Northrup  potentiometer,  Model  K-2.  A  plot  of  this 
calibration  is  shown  in  Figure  5.  A  continuous  +150ttF  reference  point  was 
provided  on  each  recorder  by  a  standard  reference  junction  manufactured  by  Pace 
Engineering  Company.  Figures  6  through  9  show  the  instrumentation  of  the  motor. 
Figure  10  shows  the  thermocouple  termination  at  the  aft  end  of  the  Utility  van. 

C.  TEST  CONDITIONS 

In  accordance  with  Aerojet  Test  Plan  752,  Revision  A,  the  Utility  van 
was  subjected  to  high-  and  low-temperature  tests.  The  low  extreme  was  -35  +  5°F, 
and  the  high  extreme  was  +140  +5°F,  including  15*F  as  radiant  energy  of  the  sun. 

1.  Low-Temperature  Test 

With  the  motor  surface  temperature  at  80  +5°F,  the  temperature 
of  the  test  cell  was  reduced  to  -35°F  and  held  until  4  hr  after  the  surface  temperature 
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II,  C,  Test  Conditions  (cont.  ) 

of  the  motor  had  stabilized.  Then  the  Thermo -King  unit  was  switched  off  and 
temperatures  were  monitored  for  another  4  hr  while  the  test-cell  temperature 
remained  at  -35°F. 

2.  High-Temperature  Test 


After  the  motor  surface  temperature  returned  to  and  was 
stabilized  at  80°F,  the  temperature  of  the  conditioning  cell  was  increased  to 
+140°F  and  held  for  4  hr.  The  Thermo-King  unit  was  then  switched  off.  While 
the  temperature  of  the  test  cell  was  maintained  at  +  140°F,  temperature  data 
were  recorded  for  another  4  hr. 

D.  TEST  RESULTS 

1.  General 


Instrumentation  of  the  Utility  van  and  inert  motor  was  completed 
at  Aerojet -General,  Sacramento  prior  to  shipment.  The  tractor-van,  traveling 
over  conventional  highway  routes,  arrived  at  Eglin  AFB,  Florida  on  30  July  1962. 

No  major  operational  difficulties  or  malfunctions  of  equipment 
or  instruments  occurred  during  the  tests.  The  temperature  of  the  test  cell  was 
maintained  within  the  specified  tolerances.  Air  temperatures  at  the  forward  and 
aft  areas  of  the  van  were  recorded  throughout  the  tests.  A  buildup  of  ice  and 
frost  near  the  top  seal  at  the  aft  doors  of  the  van  indicated  a  source  of  heat  loss 
during  the  low -temperature  test. 

All  test  objectives  were  accomplished  satisfactorily.  The 
tests  were  witnessed  by  an  inspector  representing  the  Air  Force  Systems  Command, 
Field  Test  Office.  Inspection  and  documentation  were  accomplished  in  accordance 
with  Minuteman  Engineering  and  Inspection  Summary  (MEIS)  HT-62,  as  given  in 
Appendix  A. 
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II,  D,  Test  Results  (cont.  ) 

Appendix  B  lists  recorded  temperatures  for  the  low-  and  high- 
temperature  tests.  Test  events  are  listed  chronologically  in  Appendix  C. 

2,  Low-Temperature  Test 


Calibration  of  instruments  and  preparation  of  the  test  cell 
were  completed  on  8  August.  On  9  August,  the  Utility  van  was  positioned  in 
the  cell  and  installation  of  the  exhaust-gas  duct,  servicing  of  the  Thermo-King 
unit,  and  thermocouple  termination  were  completed. 

At  1030  hours  on  9  August,  temperature  conditioning  of  the 
cell  was  started.  The  required  low  temperature  of  35^5*F  for  the  interior  of 
the  cell  was  recorded  at  1500  hours  and  temperature  stabilization  of  the  motor 
began.  The  test  proceeded  without  incident  except  for  a  period  of  1. 5  hr  during 
which  the  operation  of  the  Thermo -King  unit  was  intermittent.  A  defective  circuit 
in  post-to-fuse  connection  was  discovered,  and  corrective  action  was  taken.  At 
0700  hours  on  10  August,  16  hr  after  the  test  began,  the  surface  temperature  of 
the  motor  stabilized  at  +60°F.  At  1100  hours,  the  Thermo-King  unit  was  switched 
off.  The  average  van-interior  and  motor-surface  temperatures  at  this  time  were 
59  and  60°F,  respectively.  After  4  hr  without  heating,  the  temperature  recordings 
of  the  van  interior  ranged  from  32  to  38°F,  and  the  motor-surface  temperature 
ranged  from  45  to  49#F.  An  attempt  to  restart  the  Thermo-King  unit  on  conclusion 
of  the  test  was  unsuccessful.  At  1505  hours,  the  cell  temperature  was  returned 
to  +  80°F  and  the  van  doors  were  opened.  Figures  11  and  12  show  the  recorded 
low -temperature  data  in  graph  form. 

3.  High-Temperature  Tests 


At  0745  hours  on  13  August,  temperature  conditioning  of  the 
cell  was  started.  The  required  high  temperature  of  +140  +5#F  was  recorded  at 
0900  hours.  Since  van-interior  temperatures  ranged  from  74  to  77  °F,  the 
thermostat  setting  of  the  Thermo -King  unit  was  reduced  from  80  to  75 °F  to 
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II,  D,  Test  Results  (cont.  ) 

prevent  commencement  of  the  heating  cycle.  The  Thermo -King  unit  was  manually 
switched  on  at  0915  hours  for  a  functional  check  of  the  unit.  This  resulted  in  a 
drop  of  the  van-interior  temperature  between  0930  and  1000  hours.  The  4-hr 
test  period  was  completed  at  1305  hours  when  the  motor- surface  temperature 
was  +87  °F  and  the  average  van-interior  temperature  was  +89  °F.  The  Thermo- 
King  unit  was  then  switched  off  and  the  unit  remained  inoperative  for  4  hr.  The 
highest  motor- surface  temperature  recorded  during  this  period  was  +94°F,  and 
the  highest  van-interior  temperature  was  +104°F.  At  1706  hr,  the  Thermo-King 
unit  was  operated  for  10  min.  The  van-interior  temperature  was  reduced  to  an 
average  of  +90°F,  and  the  motor- surface  temperature  to  +88°F.  Figures  13  and 
14  show  the  high-temperature  data  in  graph  form. 

III.  CONCLUSIONS 


During  the  low-temperature  tests,  the  motor- surface  equilibrium  tempera¬ 
ture  was  determined  to  be  +60  °F.  During  the  high-temperature  test,  the  highest 
motor-surface  temperature  recorded  was  +87  °F.  Therefore,  on  the  basis  of  the 
acceptance  criteria  as  given  in  Space  Technology  Laboratories,  Inc.  ,  document 
62-9731.3-523,  dated  22  March  1962,  the  Aerojet  Utility  van  is  acceptable  as  a 
transport  vehicle  for  Minuteman  second- stage  operational  motors. 

Data  obtained  when  the  Thermo-King  tempe rature -control  unit  was  not 
operating  indicate  that  an  actual  malfunction  of  the  unit  (occurring  under  tempera¬ 
ture  conditions  similar  to  those  imposed  during  the  tests)  would  not  adversely 
affect  a  Minuteman  motor.  If  the  motor- surface  temperature  was  at  +80  °F  at 
time  of  unit  failure,  the  motor- surface  temperature  would  not  increase  beyond 
100°F  during  the  first  10  hr  of  exposure  to  the  high-temperature  extreme 
(+140°F).  Similarly,  during  10  hr  of  exposure  to  the  low-temperature  extreme 
(-35  °F),  the  motor- surface  temperature  would  not  fall  below  +40  °F. 
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Ill.  Conclusions  (cont.  ) 

During  the  operation  of  the  Thermo -King  unit,  the  temperature  within  the 
van  remained  steady.  A  variance  of  2°F  was  the  greatest  recorded.  Data  obtained 
indicate  the  mode  of  temperature  stratification  during  periods  when  the  Thermo- 
King  unit  it  not  operating.  The  temperature  of  the  air  layer  at  the  ceiling  of  the 
Vftft  it  6*F  higher  than  the  air  layer  at  the  floor  of  the  van.  There  is  no  apparent 
diff#]T4nce  in  air  temperature  in  the  fore  and  aft  sections  of  the  van. 
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Locations  and  Designations  of  Thermocouples 
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Figure  *1 


Minneapolis-Honeywell  Brown  Print-Out  Recorders  and  Standard 

Reference  Junction 


measurement  Error  at  the  Calibration  Point 
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Figure  5 
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Instrumentation  at  Aft  End  of  Motor 


Figure  6 
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Instrumentation  at  Forward  End  of  Motor 


Figure  7 
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Instrumentation  at  Left  Side  of  Motor 
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Instrumentation  at  Right  Side  of  Motor 


Figure  9 


Figure  10 


Thermocouple  Termination  at  Aft  End  of  Utility  Van 
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High-Temperature  Test  Data  (Plot  of  Thermocouples  A5,  B4,  and  C5) 


Figure  14 
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Appendix  C 


ST  Form  1013  Rev  2 
Aerojet -General 
Corporation,  SRP 


AGO  3-126-631 


C.R.  WO,  N.A. 


TEST  OPERATIONS 
MOTOR  LOG  OF  TIME  VS  OPERATION 

ENVIRONMENTAL  VERIFICATION  -  CLIMATIC 
TYPE  OF  TEST 


PAGE _ 

V.C.  NO.  062$-26-011t 


Test  engineer 


J.  D.  Sohl 


PROGRAM  MINUTEMAN  2ND  STAGE  TJSST  SERIES  MM2-QZ-02S-TC01 


TEST  SPECIMEN 


AGO  Utility  Van.  VR-1152A.  S/N  37290;  AF  316873 


DATE  I  TIME 


Sacto 


OPERATION 


Utility  van  arrives  at  Bldg.  ii6o5  for  thermocouple  installation. 


Instructions  issued  to  Instr.  Foreman.  Work  initiated.  Completion 


estimated  by  2300  hrs. 


Instrumentation  continues  -  approx.  6  hrs.  work  remain. 


Instrumentation  completed  (per  Test  Plan  752A 


Van  removed  to  U6l5  pending  shipment  to  Eglin  AFB. 


Van  departed  for  Eglin  AFB.  Carrier  is  Leonard  Bros.  -  Shipper  #  S35B76. 


Van  arrived  O.K.  at  Eglin  AFB.  Notified  by  J.  Cole  (AGC  -  Eglin)  that 


there  will  be  a  four  (L)  day  delay  getting  into  the  climatic  chamber 


due  to  chamber  schedule  slii  ;e 


Eglin 

AFB 

8-8-62 

0900 

Inspected  van  and  interior  instrumentation.  Everything  in  satisfacto: 


condition. 


Instrumentation  group  informed  of  test  requirements.  They  will  provide 


2)  Brown  I-C  2h  ch.  recorders,  and  make  hook-up  to  same.  Unable  to 


♦Gove  van  into  chamber  until  late  afternoon  due  to  previous  test  in 


S8. 


Requested  inspection  coverage  prior  to  start  of  test.  Coordination 


meeting  set  up  for  1300  hrs. 


End  of  day  shift  -  lab  cleared  of  all  p.  vious  test  equipment.  Van 


brought  to  lab  area.  Calibration  of  (2)  Brown  recorders  complete. 


Van  brought  into  climatic  lab. 


Thermoking  crankcase  oil  changed.  (10W-30)  put  in. 


Instrumentation  complete  -  photos  taken.  Thermo-King  set  to  +80* 


and  running  O.K. 


Pull-down  of  climatic  chamber  to  -35*  begun. 


.  of  motor  (B-L)  -  82 #F. 


Temp,  of  cell  (aft)  -  +35°F. 


Cell  temp,  (fore)  -  -30*.  Official  start  of  test. 
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PROQRAM  MINUTEMAN  2ND  STAGE  TfST  SERIES  MM2-QZ-02S-TC01 

TEST  SPECIMEN  AGC  Utility  Van,  VR-1152A.  S/N  37290;  AF  3U8873 


TEST  OPERATIONS 

MOTOR  LOG  OF  TIME  VS  OPERATION 

ENVIRONMENTAL  VERIFICATION  -  CLIMATIC 

TYPE  OF  TEST 


Tist  engineer  d-  Sohl 

MM2— QZ— 02S— TCOl 


¥•0.  NO.  0625-2 6-Olii 


OPERATION 


Noticed  intermittent  operation  of  Thermo-Kin, 


in  switch-box. 


Trouble  is  somewhere 


Refueled  unit. 


Thermo-King  back  on  -  still  intermittent  operation.  Lost  10  degrees 


in  van. 


Continuous  intermittent  operation  of  the  unit.  Trouble  shooting  the  system 


disclosed  faulty  fuse  holder/fuse.  Repaired  same. 


'Stem  working  O.K.  Refueled  Thermo-King.  Excess  frost  is  noted  forming 


on  the  condenser  face  (Thermo-King) .  _ _ _ ___ 


An  excessive  amount  of  oil  was  found  on  the  top  side  of  the  engine 


ower  section.  Unable  tu  determine  source  of  leak. 


T.C.  A— 9  indicates  59+*  -  cell  temp,  u  van  front  is  -31#.  Accumulation 


of  oil  on  engine  increased;  approx.  l/3  of  condenser  face  is  frost. 


Re-fueled  unit  -  heat  off  for  approx.  5  minutes. 


Inspected  van  and  Thermo-King.  Only  apparent  trouble  is  the  afore 


mentioned  oil  leak  and  accumulation  on  top  of  engine.  Oil  level 


checked  O.K. 


Re-fueled  unit.  Heat  off  for  four  (U)  minutes.  Oil  level  checked 


O.K.  Still  evidence  of  leakage.  Fuel  gauge  is  in-op. 


Checked  voltage  across  heater  fuses;  208  vt  each  leg.  Oil  dripping 


from  power  unit. 


Shut  down  Thermo-King.  Oil  level  O.K. 


This  completes  the  test  of  the  Thermo-King  operation  -  four  (h)  hours 


stabilization  on  TC  Bh. 


Van  interior  at  ♦^0°F  ^  1030  hrs.  on  8-9-62. 


Start  pull  down  of  cell  J  1030  hrs.  on  8-9-62. 


Cell  in  spec  at  -35*  (*5*)  1500  hrs.  on  8-9-62. 


Motor  temp,  stable  (R-L)  uf  60*  0700  hrs.  on  8-10-62. 


Thermo-Kinn  off  (Stab,  plus  h  hrs.)  n0t;  hrs#  on  8_i0-62. 
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C.R.  NO.  N.A. _ 

PRQQRAM  MINUTEMAN  2ND  STAGE 
TEST  SPECIMEN  AGC  Utili 


TEST  OPERATIONS 
MOTOR  LOG  OF  TIME  VS  OPERATION 

ENVIRONMENTAL  VERIFICATION  -  CLIMATIC 
TTPE  OF  TEST 


PAGE _ 

W.O.  NO.  0625-26-014 


_  Test  engineer  j.  d.  sphi 

2ND  STAGE  TJST  SERIES  MM2-QZ-02S-TC01 

AGC  Utility  Van,  VR-U52A.  s/N  37290;  AF  3U8873 


OPERATION 


Final  motor  tern 

P*J 

B-U)  +U5*F. 

Average  van  temp. 

+35*F. 

Thermo-King  re-start 

attempts  Unsuccessful. 

warning  light  was  on  below  70*F, 


maintained  at  +80*  over  the  weekend. 

Thermo-King  serviced  i 

with 

SAE  20W-40  oil  and  refueled. 

Motor  and  van  at  80* 

[£3! 

-  chamber  set  for  +11*0*.  (Reads  95*  ©  07L7) 

Official  start  of  four  (4) 

hour  test  at  +140*  (±5*)  with  Thermo-King  on. 

As  all  interior  TC’s  are  reading  approx.  75*,  I  changed  thermostat  setting 


adinc :  135  Forward 


lUl*  Aft 


to  +75*  from  +80*  to  prevent  unit  from  going  on  heating  cycle. 


Refrig,  cycle  manually  turned  on  by  again  reducing  thermostat  setting  - 


had  to  be  certain  system  was  still  operational.  All  TC's  showed  rapid 


drop  to  around  70*. 


Reset  to  +75*  on  Thermo-stat.  All  temps,  still  around  +70*. 


Reset  to  +78*  to  let  van  warm  up.  Temps.  (4  68-70*. 


Temps,  within  van  show  steady  rise  (most  around  84-86*).  Thermo-King 


still  running  normally  -  although  the  suction  pressure  in  the  evaporator 


has  risen  from  around  40  psi  w  +75*  to  68  psi  tt  88*.  (Thermostat  is 


still  set  78*.) 


End  of  four  (4)  hour  period  of  Thermo-King  operation. 


Highest  temp,  on  motor  (B-2)  is  86*. 


Average  van  temperature  is  88*. 


Also  noted  that  oil  leak  which  was  apparent  during  cold-temp  test  is 


not  present.  Gasoline  gage  hasn’t  worked  throughout  entire  cold  or 


hot  tests. 


Thermo-King  turned  off. 


Re-started  Thermo-King  and  ran  for  1  min.  to  obtain  head  pressure 


reading  as  requested  by  STL  Rep. 
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TEST  OPERATIONS 

MOTOR  LOG  OF  TIME  VS  OPERATION 
ENVIRONMENTAL  VERIFICATION  -  CLIMATIC 


W.O.  NO.  062 5 -2 6-01 


TIPE  OF  TEST 


Test  engineer 


D.  Sohl 


PROGRAM  MINUTEMAN  2ND  STAGE  TpST  SERIES  MM2-QZ-02S-TC01 

TEST  SPECIMEN  AGC  Utility  Van,  VR-11$2A.  S/N  37290;  AF  31+8673 


SHEET  h 


OPERATION 


Van  temperature  -  95  #F* _ 


Head  pressure  -  260  psi. 


Suction  pressure  -  UO  psi. 


(Note  that  this  short  cooling  period  reduced  most  interior  temps  approx. 


U  degrees.)  Overheat  warning  light  operation  normal  as  interior  temps 


reached  90*F. 


Test  complete.  Cell  will  be  returned  to  an  ambient  condition.  After 


four  (U)  hours  in  the  +1U0*  environment,  (without  Thermo-King  cooling). 


the  folio*,  ng  temperatures  were  recorded: 


Highest  temperature  on  motor:  plus  9U*F. 


Highest  temperature  in  van:  plus  10U*F. 


Average  temperature  in  van:  plus  100* F. 


S 


No  further  evidence  of 


Thermo-King  turned  on  -  operating  normal 


oil  leak. 


Head  press.  270  psi.  Van  temp.  102*F. 


Suction  press.  hS  psi. 


After  five  (5)  minutes  of  Thermo-King  operation,  the  average  van 


temperature  was  reduced  to  92*F.  (Cell  still  ♦138*.) 


After  ten  (10)  minutes  of  Thermo-King  operation,  the  van  te 


(average)  is  down  te  90*. 


rature 


(  - 
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